We explored the overlap between bilingual language control (bLC) and domain-general executive control (EC) by focusing on inhibitory control processes. We tested 62 bilinguals in linguistic and non-linguistic switching tasks for two types of costs, such as the n-1 shift cost and the n-2 repetition cost. In order to explore the involvement of inhibitory control in bLC and EC, we assessed the pattern of switch costs in the two tasks and then we correlated them between tasks. Results showed reduced n-2 repetition costs as compared to n-1 shift costs in the linguistic task only, suggesting that small amount of inhibition were deployed when switching between languages. Importantly, neither the n-1 shift costs nor the n-2 repetition costs were correlated between tasks. These results, supported by additional evidence from the ex-Gaussian analysis, suggest that inhibitory control is differently involved in bLC and in EC.
Introduction
The issue of how bilingual speakers manage to restrict lexicalization to one of their languages, while preventing massive interference from their other language, has prompted a great amount of research in the last decades (e.g., Costa & Santesteban, 2004; Costa, Santesteban & Ivanova, 2006; Jackson, Swainson, Cunnington, & Jackson, 2001; Christoffels, Firk, & Schiller, 2007; Misra, Guo, Bobb, & Kroll, 2012; Branzi, Martin, Abutalebi & Costa, 2014; Branzi, Della Rosa, Canini, Costa & Abutalebi, 2015 ; for a review see Baus, Branzi & Costa, 2015) . As a result of this research, there is agreement in assuming that the bilingual language control (bLC) system makes use of various processes of the domain-general executive control (EC) system (e.g., Abutalebi & Green, 2007) . However, the precise nature of the overlap between bLC and EC processes is still an open issue. The aim of this article is to provide new evidence regarding the relationship between these two cognitive systems.
Recent research on the overlap between bLC and EC has focussed on different strategies. One of them is to correlate participants' behaviour in comparable tasks that either involves bLC or domain-general EC processes (e.g., Calabria, Hernández, Branzi, & Costa, 2012; Weissberger, Wierenga, Bondi, & Gollan, 2012; Prior & Gollan, 2013; Calabria, Branzi, Marne, Hernández, & Costa, 2015; Cattaneo, Calabria, Marne, Gironell, Abutalebi, & Costa 2015; Babcock & Vallesi, 2015) . The argument made is that to the extent these tasks tap into comparable control processes, there should be a correlation between the effects measured in them. For example, Calabria et al. (2012; tested bilinguals of different ages in both linguistic and nonlinguistic switching tasks. In the linguistic task, participants were required to 4 name some pictures in Catalan and some other pictures in Spanish according to a cue (i.e., Catalan and Spanish flag). In the non-linguistic task, instead, participants were required to classify pictures according to a non-linguistic classification rule (i.e., classify pictures by their color and by their shape). The cost of switching between languages or tasks was calculated by subtracting reaction times (RTs) of "repeat" trials (AA task sequences) from those of "switch trials" (BA task sequences). This cost, the so called "n-1 shift cost", is considered a measure of the efficiency of bLC and EC functioning (see Kiesel, Steinhauser, Wendt, Falkenstein, Jost, & Philipp, 2010) .
The current evidence indicates there is no correlation between linguistic and non-linguistic n-1 shift costs (Calabria et al., 2012; Prior & Gollan, 2013; Cattaneo et al., 2015) , hereby suggesting a lack of overlap between bLC and EC, at least for those cognitive mechanisms measured through the n-1 shift cost (see also Weissberger et al., 2012) . In accord with these findings, Tse & Altarriba (2014) tested a group of Cantonese-English bilingual children and revealed a lack of association between measures of language proficiency and ex-Gaussian parameters in a non-linguistic Simon switching task.
However, other behavioural studies have provided evidence of a link between bilingual language processing and EC (e.g., Festman, RodriguezFornells, & Münte, 2010; Festman, 2012 , Prior & Gollan, 2011 Soveri, Rodriguez-Fornells, & Laine, 2011; Hartanto, & Yang, 2016) . For instance, Soveri et al. (2011) revealed that the frequency rate with which bilinguals switched between languages on a daily basis predicted the magnitude of mixing costs in error rates in a set-shifting task. In addition to this, Goral, Campanelli and Spiro (2015) recently revealed that language use and language proficiency 5 affect the performance in the Simon task in older bilinguals. Besides, it has been also demonstrated a relationship between intrusion errors in a single-language conversational context and cognitive measures of executive functioning (Festman, 2012; Gollan et al., 2011) and between measures of language control and the control of nonverbal interference (e.g., Prior & Gollan, 2011; Linck, Schwieter, Sunderman, 2012; de Bruin, Roelofs, Dijkstra, & FitzPatrick, 2014) . Prior and Gollan (2011) showed that Mandarin-English bilinguals with higher fluency scores in Mandarin incurred smaller switch costs in a non-linguistic switching task. Note, however, that this result was not replicated in another group of bilinguals (Spanish-English bilinguals) tested in the same study.
Another indication of a link between bilingual language use and EC processing can be found in those studies that compared monolinguals and bilinguals performing EC tasks (e.g., Bialystok & Martin, 2004; Bialystok & Viswanathan, 2009; Prior & MacWhinney, 2010; Tao, Marzecová, Taft, Asanowicz, & Wodniecka, 2011; Costa, Hernández & Sebastián-Gallés, 2008; Costa, Hernández, Costa-Faidella, & Sebastián-Gallés, 2009; Wiseheart, Viswanathan, & Bialystok, 2016) . In fact, some of these studies revealed that the continuous use of two languages affect the cognitive processes related to domain-general EC, such as those put at play during non-linguistic switching tasks (e.g., Prior & MacWhinney, 2010; Prior & Gollan, 2011; Prior, 2012; Wiseheart, et al., 2016) , thereby suggesting a certain functional overlap between those processes involved in linguistic and non-linguistic domains of cognitive control. Despite these findings have motivated recent research to focus on the extent of this overlap (e.g., Calabria et al., 2012; Weissberger et al., 2012; Cattaneo et al., 2015; Coderre, Smith, van Heuven, & Horwitz, 2015; 6 Weissberger, Gollan, Bondi, Clark, & Wierenga, 2015; De Baene, Duyck, Brass, & Carreiras, 2015) , other recent findings have strongly undermined the basic assumption of the existence of an overlap between bLC and EC (e.g., Paap et al., 2013; Hernandez et al., 2013; Paap & Sawi, 2014; Duñabeitia, Hernández, Antón, Macizo, Estévez, Fuentes & Carreiras, 2014; Kousaie, Sheppard, Lemieux, Monetta, & Taler 2014; Antón, Duñabeitia, Estévez, Hernández, Castillo, Fuentes, Davidson, & Carreiras, 2014; von Bastian, Souza, Gade, 2015) .
Hence, at present, the available evidence is contradictory regarding the existence of a substantial overlap between bLC and EC processes, particularly as to when such overlap is measured by correlating switch costs between tasks (Calabria et al., 2012; Prior & Gollan, 2013) .
Informative as this lack of correlation might be, indeed, it might not tackle specifically those control processes that are supposed to be influenced by bilingualism, such as inhibitory control processes (e.g., Green, 1998) . In fact, despite the n-1 shift cost measures inhibitory control processes, it reflects also the efficiency of other EC mechanisms involved in switching between tasks (e.g., task-set activation mechanisms; see Kiesel et al., 2010) . Hence, the lack of correlation between linguistic and non-linguistic tasks might be due to the variability added by these other processes measured through the n-1 shift cost.
One of the aims of this study is to assess this issue by measuring a cognitive cost that is supposed to tackle specifically inhibitory control processes and that thus may reveal a correlation between the two tasks. This cost is the "n-2 repetition cost" (e.g., Mayr & Keele, 2000; Philipp, Gade, & Koch, 2007 ; see also Koch, Gade, Schuch, & Philipp, 2010) and it refers to the slower RTs observed when participants have to switch into a recently performed task (in an n-2 7 trial) as compared to when they have to switch into a not-recently performed task. To give an example, let's consider a switching experiment in which participants have to switch between three different tasks (sort pictures by color, size and shape). This task affords the calculation of the cost of switching into a recently performed task (ABA-classify by color, classify by size, classify by color), and that of switching into a not recently performed task (CBAclassify by shape, classify by size, classify by color). As it happens, RTs from the former type of trials are slower than those of the later, the so-called n-2 repetition cost (e.g., Mayr & Keele, 2000; . As hinted above, the magnitude of this cost is argued to be a signature of the amount of inhibition applied to the repeated task. In other words, the inhibition applied to task A when performing task B would determine an increase of RTs when performing again task A, because of the need to overcome previous inhibition (e.g., Arbuthnott & Frank, 2000; Mayr & Keele, 2000) .
The overlap between bLC and EC has not yet been assessed by measuring this index of inhibitory control (but see Babcock & Vallesi, 2015 for some evidence with simultaneous interpreters). Hence, with this study we aim to fill this gap, by exploring not only between-tasks correlations of the n-1 shift cost (Calabria et al., 2012 , but also those of the n-2 repetition cost.
Importantly, providing an answer to this question is a timely issue given the current debate on the existence of bilingualism advantages in inhibitory control (e.g., Paap, Johnson, & Sawi, 2015) . In that, the finding of an association between linguistic and non-linguistic n-2 repetition costs would contrast with the recent views that suggest the bilingual advantage in inhibitory control is not a reliable phenomenon (Paap et al., 2013; Paap et al., 2015) .
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Under the assumption that the n-2 repetition cost is a reliable index of inhibitory control 1 , we hypothesize that participants' variability in their inhibitory abilities should be revealed by differences in the magnitude of the n-2 repetition cost. If bLC makes use of the same inhibitory processing as the domain-general EC system, then participants' variability in their inhibitory abilities should be similarly present in linguistic and in non-linguistic tasks. In other words, the n-2 repetition cost should correlate between bLC and EC tasks.
In this study, we use an experimental design that affords exploring both the n-1 shift cost and the n-2 repetition cost simultaneously. We do so, because the assessment of the patterns of switch costs (n-1 shift costs and n-2 repetition costs) may be informative in respect of the involvement of inhibitory control in the two tasks. Let us explain in more detail the pattern of switch costs we are referring to.
As previously hinted, both the n-1 shift cost and the n-2 repetition cost are cognitive indexes that capture inhibitory control in the task. However, our hypothesis is that in doing so they may show opposing effects. That is, based on the assumption that inhibition measured as n-2 repetition costs contribute to n-1 shift costs (Mayr & Keele, 2000) , the stronger the inhibition applied on the n-1 task, the smaller the n-1 shift cost and the larger the n-2 repetition cost should be.
Therefore, if different amount of inhibitory control are deployed when switching between non-linguistic and linguistic tasks, we may observe different patterns of switch costs in the two tasks. This prediction has not been tested so far. With the present study we aim to shed light on this issue by measuring the two costs simultaneously in linguistic and non-linguistic switching tasks.
The present study
In the present study, we test 62 early and high-proficient bilinguals in linguistic and non-linguistic switching tasks to explore the cognitive overlap between bLC and EC systems. Specifically, we assess whether bLC and EC tasks engage the very same inhibitory control mechanisms by conducting different comparisons both within and between tasks.
In order to reveal the involvement of inhibitory control in the two tasks we compare the magnitudes of the n-1 shift cost and the n-2 repetition cost within each task.
First, we hypothesize that if during bLC and EC the same amount of inhibition is applied on the n-1 task, the difference between the magnitudes of the two costs will be similar in the two tasks, regardless of the overall magnitude of these effects across tasks. Hence, we explore how much the magnitude of the n-2 repetition cost departs from that of the n-1 shift cost in linguistic and in non-linguistic switching tasks as separately.
We hypothesize that if high-proficient bilinguals do not control their languages through inhibitory control (see Costa et al., 2004; , in the linguistic task we should not observe any n-2 repetition cost. This is because, if the amount of inhibition applied on the just executed language corresponds to zero, the expected magnitude of the n-2 repetition cost would be a negative value (repetition priming facilitation). Moreover, we should find the magnitude of the n-2 repetition cost to be smaller than that of the n-1 shift cost. This is because the lack of inhibition on the n-1 task should eliminate the n-2 repetition cost and at the same time enlarge the n-1 shift cost.
Importantly, if these effects are specific to the linguistic domain (see Costa et al., 2004; , we should observe a different pattern of switch costs in the non-linguistic switching task. For instance, if inhibitory control is strongly applied on the just executed task (n-1 task), we may observe in the same participants larger n-2 repetition costs than n-1 shift costs.
Second, we hypothesize that if both n-1 shift costs and n-2 repetition costs origin from the same mechanism (e.g., inhibition), we should observe a negative correlation between the magnitude of n-1 shift costs and that of the n-2 repetition costs, irrespective of the task. Finally, as in previous studies (e.g., Calabria et al., 2012; , we hypothesize that between-tasks correlations of the two switch costs would be informative about the degree of the overlap between the bLC and EC systems.
Specifically, we hypothesize that if inhibitory control is the specific mechanism shared between the two systems, the n-2 repetition cost should be correlated between tasks.
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Materials and Methods
Participants
Sixty-two early and high-proficient Catalan/Spanish bilinguals (46 females, mean age = 21 years ± 2) took part in the study. All participants were righthanded and had normal or corrected-to-normal vision. Languages' information and self-assessed proficiency for bilinguals is reported in Table 1 . Table 1 around here
Materials and procedure
In the present experiment all participants were presented with a linguistic and a non-linguistic switching task, administered in different days ( 
Linguistic switching task
Before the experiment started, participants were familiarized with the pictures used in the experiment, in order to verify that they could produce the wanted names for each one of the pictures.
In the linguistic switching task, participants were presented with eight pictures of concrete objects (Snodgrass & Vanderwant, 1980 Participants were required to name pictures aloud by alternating between the three languages (Catalan=L1; Spanish=L2 and English=L3). Pictures were presented one at time at the centre of a white screen. The naming language was indicated by four cue-signs (flags) surrounding the picture. Responses were given verbally and were recorded through a microphone.
The experiment consisted of 6 blocks of 108 trials each. Each trial started with a blank screen followed by the presentation of the cue-signs. After 100 ms (CSI), the picture was presented in the middle of the screen, simultaneously with a tone. Picture and cue-signs remained on the screen until the response was given (or with a maximum delay of 7000 ms). The response-stimulus interval (RSI) was maintained constant (1100 ms) as well as the cue-stimulus interval (CSI) (100 ms). At the end of each block participants could take a break, and the start of the successive block was self-paced.
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Importantly, the magnitude of the n-2 repetition cost might be affected by the presence of repetition trials (see Philipp & Koch, 2006 ). This appears to be the case when the number of n-1 repetition trials (CAA) is equivalent to that of the n-2 switch (CBA) and n-2 repetition (ABA) trials (see Experiment 1 in Philipp & Koch 2006) . However, if the overall number of repetition trials (i.e., CAA trials) presented in the task is notably reduced as compared to the other types of trials (i.e., CBA and ABA trials), the n-2 repetition cost is not eliminated (see Experiment 2 in Philipp & Koch 2006) . Hence, since we aimed to measure the two costs within the same experimental design, we decided to introduce in both tasks fewer repetitions (CAA task sequences) as compared to the other two conditions (CBA and ABA task sequences).
The ABA (or n-2 repetition) sequence occurred with a probability of 39 %, the CBA (or n-2 switch) sequence with a probability of 39 %, and the CAA sequence (or n-1 repetition) with a probability of 11 % (note that the sum of probabilities is lower than 100 % because trials following a repetition were not analyzed). In the present study, we refer to A, B, C as indicating each task (i.e., name in L1, L2 and L3) that occurred in the experiment with an equal probability.
Non-linguistic switching task
In the non-linguistic switching task participants were presented with visual stimuli and were required to switch among three perceptual classification tasks. As in a previous study (Philipp & Koch, 2006) , participants were required to classify each stimulus for the "type" (A vs. 4), the "size" (big vs. small) and the "color" (red vs. blue) accordingly with the specific cue-signs. Stimuli were presented one at time at the centre of a white screen. The task was indicated by four cue-signs surrounding the stimulus. The cues were paragraph signs for the "type" task, small yellow squares for the "color" task and up-down pointing arrows for the "size" task. Responses were given manually on an external keyboard with three response keys for each hand. We adopted this response setting in order not to have response overlapping across tasks. Hence, three keys were used to respond to 'A', 'big' and 'red' and three other keys were used to respond to '4', 'small' and 'blue'. Note also that responses were labeled on the keyboard. The procedure was identical to that of the linguistic switching task, with the only difference that at the end of each block participants received a feedback 2 relative to their performance, in terms of the percentage of correct responses.
Data analysis and Results
As in previous studies (e.g., Philipp & Koch, 2006) , each n trial was assigned to one of the three conditions (CAA, CBA and ABA) depending on the nature of the two preceding trials (the n-1 and the n-2 trials). For example, in the CBA sequence the n trial A is preceded by the n-1 trial B and by the n-2 trial C. In this case, the n trial A would be assigned to the condition n-2 switch, given that the trial n-1 and the trial n-2 are both different from A. In the ABA sequence instead, the n trial A is preceded by the n-1 trial B and by the n-2 trial A. In this case, the n trial A would be assigned to the condition n-2 repetition, given that the n-2 trial and the n trial require to performing the same task (i.e., A). In the CAA sequence the n trial A would be assigned to the n-1 repetition condition, given it is preceded by an identical trial, that is, the n-1 trial A.
The n-1 shift cost was calculated by subtracting the RTs of the CAA sequences from those of the CBA sequences. The n-2 repetition cost was calculated by subtracting RTs of the CBA sequences from those of the ABA sequences.
First, we explored RTs and the pattern of switch costs in the linguistic task and in the non-linguistic task, as separately. Hence, for each task we conducted two repeated-measure ANOVAs, one for RTs and the other for error rates, and we performed a paired t-test to compare the two "types of cost" (n-1 shift cost, n-2 repetition cost). In attention tasks, μ and τ have been found to capture differently some cognitive indexes of EC, not only when comparing different groups of participants (e.g., Abutalebi et al., 2015) , but also when investigating issues related to the overlap between bLC and EC in the same participants . In this study we use this analysis to determine which parameters are specific to bLC and which are shared with the domain-general EC. Specifically, the question here is whether switch costs in the linguistic and non-linguistic tasks are similarly captured by the normal and/or by the exponential component of the RT distribution.
Third, we ran a correlation analysis between the n-1 shift cost and the n-2 repetition cost within each task, to examine whether the two costs were reflecting the same control mechanism in the linguistic and in the non-linguistic task (RTs and ex-Gaussian parameters).
Finally, we ran a correlation analysis between the two tasks in order to see whether the n-2 repetition cost and the n-1 shift cost were correlated between tasks (RTs and ex-Gaussian parameters).
In the ANOVAs' Post-hoc analyses, we consistently applied the Bonferroni correction for multiple comparisons.
In both the linguistic and the non-linguistic switching tasks, the first two trials of each block were excluded from the analyses, as well as the trials after repetitions (e.g., CAA sequences). Moreover, every error (incorrect names, verbal disfluencies or hesitations) and the two subsequent trials were discarded from the analyses. RTs exceeding three standard deviations above or below a participant's mean were also excluded from the analyses.
Thus, we excluded from the behavioral analyses the 18 % (SD = ± 9) of the data for the linguistic switching task and the 12 % (SD = ± 6) of the data for non-linguistic switching task.
RTs and error rates
Linguistic switching task
As previous studies (e.g., von Bastian et al., 2015) the Cronbach's alpha, an index of internal consistency of the task was calculated for the three "types of sequence" items (CAA, CBA and ABA conditions). Results indicated that the linguistic switching task had a high level of internal consistency, as determined by a Cronbach's alpha of .982.
For the RT analysis, the variable "types of sequence" (CAA, CBA and ABA) was included in a repeated-measure ANOVA as a within-subject factor.
The main effect of "types of sequence" was significant [F (2, 122 Figure 1 ).
In the linguistic switching task, the n-1 shift cost (37 ms, SD=52) was larger than the n-2 repetition cost (13 ms, SD=32) [t (61) = 2.728, p = .008, d= .35] and both costs were different from zero [n-1 shift cost: t (61) = 5.589, p < .001; n-2 repetition cost: t (61) = 3.134, p = .003] (see Figure 1 ).
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Also for error rates analysis, the variable "types of sequence" (CAA, CBA and ABA) was included in a repeated-measure ANOVA as a within-subject factor.
The main effect of "types of sequence" was significant [F (2, 122) = 5.316, p = .006, ηp 2 = .83], indicating that the CBA conditions (5.7 %, SD=4) were more error prone than the CAA conditions (4.6 %, SD=4) (p = .02, d=.37). However, the CAA conditions were not different from the ABA conditions (5.3 %, SD=4) (p = .176, d=-.25) . Similarly, also the CBA and ABA conditions elicited the same amount of errors (p = .345, d=.2).
-
-------------------------------------------------Please insert Figure 1 around here --------------------------------------------------
Non-linguistic switching task
The Cronbach's alpha was also calculated for the non-linguistic switching task for the three "types of sequence" items (CAA, CBA and ABA conditions). As in the linguistic switching task, we found high level of internal consistency (Cronbach's alpha of .976).
For the RT analysis, the variable "types of sequence" (CAA, CBA and ABA) was included in a repeated-measure ANOVA as a within-subject factor. Figure 2 ).
In the non-linguistic switching task, the n-1 shift cost (49 ms, SD=82) and the n-2 repetition cost (41 ms, SD=53) were not different [t (61) = .586, p = .56, d=.07]. However, they were both different from zero [n-1 shift cost: t (61) = 4.708, p < .001; n-2 repetition cost: t (61) = 6.049, p < .001] (see Figure 2) .
The main effect of "types of sequence" was significant [F (2, 122) = 8.370, p < .001, ηp 2 = .96], indicating that the CBA conditions (3.4 %, SD=2) and the ABA conditions (3.5 %, SD=3) were more error prone than the CAA conditions (2.4 %, SD=3) (p = .004, d=.45, and p = .01, d=.36 respectively). Moreover, the CBA and ABA conditions elicited the same amount of errors (p > .999, d=.06).
---------------------------------------------------Please insert Figure 2 around here ---------------------------------------------------
Ex-Gaussian analysis of RTs
We further explored the overlap between bLC and EC by running an exGaussian analysis. To recall, the ex-Gaussian fitting decomposes the overall RT distribution into two parameters, the normal and the exponential one. The mode and standard deviation of the normal component are approximated by μ and σ respectively, while the exponential function is approximated by τ, which reflects the mean and standard deviation of the exponential component.
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In this analysis, the raw data were sorted by "types of sequence" (CAA, CBA and ABA) separately for the two tasks. The parameters of the ex-Gaussian distribution (μ and τ) were obtained for each participant using the quantile maximum likelihood (QML) estimation procedure in QMPE 2.18 (Cousineau, Brown, & Heathcote, 2004) . The estimation results into a value for each parameter (μ and τ) and for each participant per condition.
Linguistic switching task
In the linguistic switching task we performed two ANOVAs for μ and τ values separately, considering "types of sequence" (CBA, ABA and CAA) as within-subject factor. Instead, the n-2 repetition cost (2 ms, SD=45) was not different from zero [t
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(61) = .406, p = .686]. As expected, paired t-test analysis revealed that the n-1 shift cost was larger than the n-2 repetition cost [t (61) = 2.812, p = .007,
d=.36].
These results suggest that the n-1 shift cost was captured by the exponential component (τ values) of the RT distribution. The n-2 repetition cost was captured by neither the exponential nor the normal component of the RT distribution. This is likely due to the fact that the linguistic n-2 repetition cost is too small to be decomposed in the two different parameters of the RT distribution.
Non-linguistic switching task
In the non-linguistic switching task we performed two ANOVAs for μ and τ values separately, considering "types of sequence" (CBA, ABA and CAA) as within-subject factor. For τ, the main effect of "types of sequence" was significant [F (2, 122 Results revealed that both the n-1 shift cost (48 ms, SD=71) and the n-2 repetition cost (20 ms, SD=52) were different from zero [n-1 shift cost: t (61) = 5.291, p < .001; n-2 repetition cost: t (61) = 2.987, p = .004]. Paired t-test between the two costs revealed that the n-1 shift cost was larger than the n-2 repetition cost [t (61) = 2.133, p = .037, d=.27].
These results suggest that in the non-linguistic switching task the n-1 shift cost was captured by the exponential component, whereas the n-2 repetition cost was captured by both the normal and the exponential parameters. Figure 3 around here
Comparisons within tasks: Correlation analysis of the switch costs
RTs
In order to explore whether a common control mechanism is measured by the two costs we correlated (Pearson's coefficient) the n-1 shift cost and the n- 
Ex-Gaussian parameters: μ and τ
In order to reveal whether these correlations could affect the components of the RT distribution similarly, we also explored the correlation (Pearson's coefficient) between the n-2 repetition cost and the n-1 shift cost, for μ and τ separately. In fact, it could be that the correlation between the costs in the two tasks is mainly driven by one or both of these parameters. - Figure 4 around here
Comparisons between tasks: Correlation analysis of the switch costs
RTs
In order to evaluate the overlap between bLC and EC systems, we ran a correlation analysis (Pearson's coefficient) between the linguistic and the nonlinguistic switching tasks, for the n-1 shift cost and the n-2 repetition cost. As in previous studies (e.g., Calabria et al., 2012; , we hypothesized that if the two switch costs reflect the efficiency of the bLC and EC systems, we may expect that the magnitudes of the switch costs (linguistic and non-linguistic) vary in similar manner in the same group of participants.
Results revealed that neither the n-1 shift cost (r = -.023, p = .856) nor the n-2 repetition cost (r = -.051, p = .695) were correlated between tasks.
Ex-Gaussian parameters: μ and τ
In order to explore more deeply the overlap between bLC and EC systems, we ran also a correlation analysis (Pearson's coefficient) between the linguistic and the non-linguistic switching tasks for each of the two costs, for μ and τ separately.
For μ, the n-1 shift cost was not correlated between tasks [r = -.057, p =
.658] and neither was the n-2 repetition cost [r = .088, p = .495].
For τ, the n-1 shift cost was not correlated between tasks [r = -.135, p =
.297] and neither was the n-2 repetition cost [r = .001, p = .997].
Discussion
In the present study we investigated the overlap between bLC and EC systems, by exploring the performance of 62 early and high-proficient bilinguals in linguistic and in non-linguistic switching tasks. The main goal of this study was to assess through different measurements whether inhibitory control was similarly involved in bLC and EC tasks.
First, we found the two costs as being correlated within both of the two tasks. This result may suggest that the n-1 shift cost and the n-2 repetition cost are measuring a common EC mechanism, that is, inhibitory control.
In addition to this, the magnitudes of the two costs were different in the linguistic task. Precisely, the magnitude of the n-2 repetition cost was significantly smaller than that of the n-1 shift cost. This result may be interpreted as reflecting that small amounts of inhibition were applied on the just used language, leading to small n-2 repetition costs and large n-1 shift costs. In the non-linguistic switching task we were expecting to observe the opposite pattern of results, that is, large n-2 repetition costs and small n-1 shift costs. Despite we did not observe such result, nevertheless our findings suggest that a certain amount of inhibition was applied on the just used task. In fact, in the non-linguistic task the magnitude of the n-2 repetition cost was not smaller than that of the n-1 shift cost.
These results suggest that inhibitory control does not have a crucial role in language control, at least for high-proficient bilinguals. Conversely, for the same participants inhibitory control appears to have a more integral role in the non-linguistic task.
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The results from the ex-Gaussian distribution analysis support the above mentioned findings that describe the role of inhibitory control in the two tasks.
In fact, when we examine the distribution of the two types of switch costs (n-1 shift cost and n-2 repetition cost), the exponential component (τ) captures the effects differently. That is, for the n-1 shift cost in both tasks, whereas for the n-2 repetition cost only in the non-linguistic switching task.
It has been proposed that τ might reflect controlled processes related to EC, such as inhibitory control (McAuley, Yap, Christ, & White, 2006; Shao, Roelofs, & Meyer 2012; Spieler, Balota, & Faust, 1996) . Even though many authors refrained from interpreting the effects of this component as related to specific cognitive processes (Matzke & Wagenmakers, 2009) , the inhibitory control interpretation is in accord with our data, as it shows that τ values do not capture the n-2 repetition cost in the linguistic switching task, however they do so in the non-linguistic switching task.
In accord with our results, Calabria et al. (2015) reported a change in the exponential component (τ values) in the context of the non-linguistic switching task for the effect of aging. That is, the n-1 shift cost increased in the bilingual older adults as compared to the young group and, interestingly, this relative increase was indexed by the exponential component of the distribution for switch trials (τ values). Importantly, this age-related change was not observed in the same participants when they performed the linguistic switching task.
Given that aging is also associated with a decline of the inhibitory control system (Greenwood, 2000; Rhodes, 2004; Verhaeghen & Cerella, 2002) , some researchers suggested that the exponential component captures the efficiency 27 of this EC process (e.g., Penner-Wilger, Leth-Steensen, & LeFevre, 2002; Schmiedek, Oberauer, Wilhelm, Süß, & Wittmann, 2007; Spieler et al., 1996) .
Finally, neither the n-1 shift cost nor the n-2 repetition cost was correlated across tasks, both for RTs and when data were fitted to an ex-Gaussian distribution. That is, performance in the non-linguistic task was not related to performance in the linguistic one. This result replicates previous observations regarding the n-1 shift cost (e.g., Calabria et al., 2012; Prior & Gollan, 2013; Calabria et al., 2015) , but most importantly, it shows that a reliable index of inhibitory control in task-switching (Mayr & Keele, 2000) , i.e., the n-2 repetition cost, does not correlate across tasks (see also Babcock & Vallesi 2015) .
Therefore, to the extent to which these correlations are informative on the overlap between bLC and EC systems, it seems that the mechanisms behind the two costs do not vary in the same way across bLC and EC tasks.
These results are in accord with those neuroimaging studies that failed to reveal a complete overlap between bLC and domain-general EC (e.g., Magezi, Khateb, Mouthon, Spierer, & Annoni, 2012; Branzi et al., 2015; Blanco-Elorrieta & Pylkkänen, 2016) . For instance, in an fMRI study Branzi et al. (2015) The general pattern of the findings we provide leads to the conclusion that bLC and domain-general EC do not share the very same mechanisms and might explain why bilingual advantages in inhibitory control are difficult to replicate (see Paap & Greenberg, 2013; von Bastian et al., 2015) .
In fact, since we revealed a lack of association between linguistic and nonlinguistic measures of inhibitory control, our results support recent and robust findings that failed to encounter bilingual advantages in inhibitory control (e.g., Duñabeitia et al., 2014; von Bastian et al.. 2015; de Bruin, Bak, & Della Sala, 2015) . Hence, if we were to add the current set of results to such studies, it appears that the bilingual advantage on inhibitory control is rather elusive and very limited in the scope, if it indeed exists (Paap et al., 2015) .
Be as it may, however, our findings are at odds with those studies that instead reported such advantages by employing tasks and measurements similar to ours (e.g., Prior & MacWhinney, 2010; Prior, 2012) . Particularly, in a recent study Prior (2012) found that bilinguals had larger n-2 repetition costs than monolinguals, therefore suggesting a certain overlap between inhibitory control in linguistic and non linguistic domains.
Despite these opposing outcomes might be reconciled by assuming that different types of bilinguals (i.e., those employed in our study and in that of Prior (2012) ), might lead to different results, nevertheless, the lack of overlap between linguistic and non-linguistic n-2 repetition costs is problematic to be 29 reconciled with the Inhibitory Control Model-IC model (Green, 1998) . In fact, the basic assumption of this model is that language control is just an instantiation of motor action. As a consequence, the cognitive indexes reflecting the efficiency of language control and motor control should measure the very same mechanism. In other words, they should correlate when measured in the same participants.
Hence, to the extent to which our results undermine the assumptions of IC model, they could be seen somehow in accord with other studies that, even without addressing the issue of the domain-generality of linguistic processes, have nevertheless failed to reveal the involvement of inhibitory control during language control (e.g., Phillip et al., 2007; Runnqvist, Strijkers, Alario, & Costa, 2012; Guo et al., 2013) .
For instance, did not observe the patterns of n-2 repetition costs predicted by the IC model. That is, larger n-2 repetition costs when switching to the most dominant of the three languages (L1), as compared to the other two weaker languages (i.e., L2 and L3) and larger n-2 repetition costs when switching to L2 as compared to when switching to L3. These patterns of switch cost are expected because the IC model (Green, 1998) posits that cross-language interference is resolved by applying inhibition to the nontarget language that is proportional to its strength (level of activation); that is, the stronger the language, the more the inhibition needs to be applied. Hence, the dominant language (i.e., the L1) will be more inhibited than the weaker languages (i.e., L2 and L3). As a consequence, language re-activation will be harder for the L1 (due to the stronger inhibition) leading to larger n-2 repetition costs. Despite Phillip et al., (2007) found a larger n-2 repetition cost for the L1 as compared with the other two weaker languages, they also found a larger cost for L3 as compared to L2. A finding that is clearly at odd with the assumption of the IC model (Green, 1998) .
It is important to underline that despite our results contrast with the assumptions of the IC model (Green, 1998) , however, they neither are in accord with the account that proposes that high-proficient bilinguals would not resort to inhibitory control when switching between languages (see Costa et al., 2004) . In fact, despite we tested early and high-proficient bilinguals we nevertheless found the n-2 repetition cost in the linguistic task, indicating that some inhibitory control is involved also when high-proficient bilinguals switch between languages (see also Declerck, Thoma, Koch, & Philipp, 2015) .
All in all, even if these findings might not be generalizable to other bilingual populations such as low proficient bilinguals, the results from the patterns of switch costs along with those of the correlation analyses suggest that inhibitory control does not play a crucial role in language control and that this mechanism is not shared between the bLC and EC systems, at least for what concerns early bilinguals, equally proficient in the two languages.
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Conclusion
The contribution of the present study is three-fold. First, we provide additional support to previous findings showing that control mechanisms indexed by the n-1 shift cost are differently involved in linguistic and in nonlinguistic switching tasks (e.g., Calabria et al., 2012; Weissberger et al., 2012) . Second, we extended these conclusions to the n-2 repetition cost, a cognitive index of inhibitory control in task switching. That is, our findings indicate that inhibitory control is differently involved in bLC and in EC, at least for early and high-proficient bilinguals. Importantly, this evidence has some relevant implications for the debate on bilingual advantage in inhibitory control (see Paap et al., 2015) . In fact, it suggests that advantages in inhibitory control should not be observed for high proficient bilinguals. Future research is needed to reveal whether the results relative to the n-2 repetition cost reflect control strategies that can be modulated by language proficiency and/or other aspects of bilingualism experience. Table 1 Languages' information and self-assessed proficiency in bilinguals.
L1 L2 L3
Age of Acquisition 0.7 (1.1) 1.3 (1.7) 6.5 (3.3)
Context of language exposure
home, school home, school school Language proficiency scores were on a 7 point scale, in which 7 represents a very high level and 1 a very low level of proficiency. The self-assessed index is an average of participants' responses relative to each domain (reading, writing, speaking, and comprehension). In parentheses are reported SDs. 
